The growth of rat adrenal nerve cells was remarkably enhanced by supplementing the cultured medium from the human fibroblast cell line, Hs 68. Maximum specific growth rate and length of the neurites were observed as 0.076 (1/hr) and 0.026 mm, respectively in 20% supplement of five day old medium. In adding more than 20% of the cultured medium both cell and neurite growth was severely decreased. It was interesting that the cultured medium from Hs 68 cells could play a role in the extension of the neurites rather than in the growth of neurite cells. It was also found that molecules lower than 50,000 daltons in the conditioned medium could improve the growth of neurite bearing cells and the extension of the neurites than larger molecules. The efficacy of the proteins (<50,000 MW) was similar to that of human nerve growth factor and much better than that of basic fibroblast growth factor which was mainly secreted from human fibroblast cells.
Introduction
Recently in vitro cultivation of nerve cells has greatly been increased since the spectacular advances in the understanding of mechanisms of neural connectivity (Brown, 1981; Willis and Coggeshall, 1991) which increases the possibility of treating nerve related diseases, such as Alzheimer's and Parkison's (Schorderet, 1995; Barinaga, 1994) . However, in vivo and in vitro growth mechanisms and differentiation of nerve cells are not clearly understood yet as well as the relation between neurites and neurotransmit systems. Functions of several neutrophic factors like Brainderived Neurotrophic Factor (BDNF), Nerve Growth Factor (NGF) and Neurotropins-3 (NT3) have only been revealed recently (Hokfelt, 1991; Patterson and Nawa, 1993) and the studies on their applications are just beginning (Barde et al., 1982; Fantl et al., 1993; Faden and Salzam, 1992) .
However, there have been many limitations in cultivating mammalian nerve cells due to low proliferation and differentiation of the neurites compared to other cell lines. Generally nerve cells are known to require additional growth factors, such as NGF, BDNF and retinoic acid, etc for in vitro cultivation (Frank and Westgerfield, 1983; Silos and Snider, 1992; Roush, 1996; Kaplan et al., 1993) . To manage these problems, the biochemical pathway of nerve systems and signal transmitting molecules have been intensively investigated (Merlio et al., 1993; Kumar et al., 1993) . Some tumor cells display more differentiated features and contain cells resembling Schwann cells of the glial lineage, or secretory cells expressing markers of neuroendocrine differentiation (Copper et al., 1990) . Neuroblastoma cells have also been proved to have the ability of undergoing differentiation (Kumon et al., 1993) . Similarly, adult epithelia remain responsive to inductive influences form connective tissue and can play a role in morphogenesis of diffusing stomal signals (Cunha et al., 1985; Wang et al., 1990) . Moreover, many chemicals and biological response modifiers are known to promote in vitro morphological, biochemical, and ultrasructural changes to well-defferentiated neuroectrodermal phenotypes (Abemayor and Sidell, 1989). Therefore, in this work, a methodolohy for efficiently cultivating nerve cells is developed by supplementing the conditioned medium from human fibroblast cultures.
Materials and methods

Cell culture
Rat adrenal nerve cell, PC12 generously donated by Dr. Thiele (NCI, USA) was grown in DMEM/F12 basal medium containing 365 mg/L of L-glutamine (GIBCO, USA) and enriched with 20% FBS (GIBCO) in a 37 C CO 2 incubaor supplying 5% CO 2 in air. Human fibroblast cells (Hs 68, ECACC 89051701) were grown in RPMI 1640 with 20% FBS. 40 g/ml of gentamycine was also added to all media. The conditioned medium from Hs 68 cells was collected in 75 T-flasks everyday. It was stored at -20 C, thawed as required and mixed with fresh DMEM/F12 medium (v/v). Proteins of greater than 50,000 MW were separated from dialized conditioned medium by ultrafiltration (Amicon, USA) and mixed with fresh DMEM/F12. The growth of nerve cells and the neurites was also observed after adding 100 ng/ml of human nerve growth factor (NGF) or basic fibroblast growth factor (bFGF) (GGIBCO). The effect of serum on proliferation of PC12 cells and differentiation of neurites was examined by gradually reducing serum concentrations from 20% to 1% with supplementing the conditioned medium.
Measurement of cell and neurite growth
The specific growth rate of PC12 cell on adding various volumes of conditioned medium was estimated by the trypan blue dye exclusion method everyday (Freshney, 1983) . The neurite growth of PC12 cell was monitored using an inverted microscope with a graticute (Rekenstein and Greene, 1983) as a measure of differentiation of nerve cells. The ratio of neurite bearing cells to total cells was also calculated by counting total and neurite bearing cells in a hemocytometer. Figure 1 illustrates the neurite growth of PC12 cells grown in 5% serum with 20% supplement of the conditioned meidum. There was no visible growth of the neurites on the first day, but by the third day, the neurite had grown to about 0.015 mm and there were many initiations of the neurites within the cells. Fully developed neurons were observed on the fifth day. Then, at least five or six neurites were maintained within a single cell after six day of cultivation. It is reported that more than 10 days will be required to develop a similar morphology (Figure 1 ) in growing PC12 cells without supplementing the conditioned medium from fibroblast cells under normal conditions (Greene and Tischler, 1976; deSouza et al., 1995) . Figure 2 shows the effect of collection time and addition volume of the conditioned medium from fibroblast cells on the growth of PC12 cells in 5% serum containing basal medium. The best cell and neurite growth was observed by adding 20% (v/v) of supplemented medium. It was found that better cell growth was observed with 5 day old supplemented medium than one day old medium. The cell growth was greatly reduced on supplementing more than 20%, possibly due to low pH and high accumulations of lactate and other toxicants in the conditioned medium. Noticable improvement of cell growth occurred on adding 10% of one day old, compared to no supplement. Then, cell growth was gradually enhanced by increasing the amount of supplemented medium up to 20% of total working volume. It implies that unknown growth factors are released from fibroblast cells and can improve the growth of nerve cells. To confirm this hypothesis, the effect of known growth factors such as NGF and bFGF on the growth of PC12 cells was compared later (FIgures 5 and 6). in the supplemented medium cannot dilute enough the conditioned medium. However, the cell growth rate was similar in 10% and 20% addition of serum in the medium (data not shown). It is obvious that at least 5% serum should be added to grow PC12 cells in supplemented medium. Figure 4 is shows the effect of five day old medium on the growth of neurites within PC12 by 20% supplement. The number of neurite bearing cells was higher in supplemented medium than in non-supplemented medium (90% vs 50%). Both growth of cells and neurites had similar patterns in supplemented medium, showing that it was closely related to cell growth as shown in Figure 2 . It is interesting that the supplemented medium enhances the growth of neurites by more than three times compared to non-supplemented medium (0.026 mm vs 0.008 mm of maximum length of the neurites. Based on this result, cells that already contain neurites are more likely to make additional neurites than cells without. Table 1 compares the cell growth, number of neurite bearing cells and the growth of neurites in adding various concentrations of five day old medium. As shown in previous Figures, the best growth of cells and neurites was observed in 20% supplement of cultured medium. It was also found that the supplemented medium can well improve neurite growth rather than cell growth. It possibly implies that the signal for generating neurites within the cell can be possibly induced by adding certain levels of supplemented medium from fibroblast cells cultured medium.
Results and discussion
Figures 5 and 6 are to understand which portions in the supplemented medium play a role in cell growth and/or the neurite initiation. Figure 6 illustrates the effect of 20% supplement of 50,000 dalton proteins from cultured medium on the growth of neurite cells by comparison with human NGF and bFGF. As expected, NGF showed the best effect on the initiation of neurites, maintaining almost 100% of neurite bearing cells after five days cultivation. On the contrary, bFGF showed little effect on both cell growth and enlongation of the neurites. The growth of neurite cells can be improved by adding proteins lower than 50,000 MW in supplemented medium, whose enhancement is close to that of NGF. Its improvement was close to that of adding crude medium; however, the differentiation of neurite cells was greatly reduced by the addition of large molecules in the medium, showing only 63% neurite bearing cells ( Figure 5 ). It was also shown that human NGF affected elongation of the neurites more than cell growth. The growth of neurites in adding low molecules was not matched with the result of adding crude medium, which is different from that in Figure  5 . It possibly means that unknown factors from fibroblast cultures can play a role in the elongation of the neurites.
Conclusion
It was found that better cell and neurite growth of PC12 cells was observed in supplementing 5 day old cultured medium from human fibroblast cells than one day old medium, assuming that a factor was released from the fibroblast cells to enhance the growth of nerve cells. It was proved that 20% supplement was its optimal addition level for the growth of PC12 cells. In adding more than 20% supplement the cell growth was greatly decreased and less effect on the cell growth was maintained. There was no effect on either cell and neurite growth in the range of 5% to 20% serum concentration by 20% supplement; however, PC12 cells could not grow in lower than 1% serum. It was also found that the supplemented medium enhanced the growth of the neurites rather than the initiation of the neurites. It was shown that the supplement of the cultured medium improved cell growth and the number of neurite bearing cells. Maximum specific growth rates and maximum length of the neurite were estimated as 0.076 (1/hr) and 0.026 mm in 20% supplement, compared to 0.071 (1/hr) and 0.008 mm in non-supplement, respectively. Proteins lower than 50,000 dalton in supplemented medium seemed to be more effective for neurite growth, comparing 0.024 mm to 0.011 mm obtained in more than 50,000 MW cut-off medium. The enhancement of cell and neurite growth of PC12 cells in adding low molecule proteins was close to that of adding human NGF, and much better than in bFGF. It implies that proteins lower than 50,000 daltons in supplemented medium from H6 cells can enhance the initiation and elongation of the neurites, other than the function of fibrobalst growth factors. It was observed that 90% of the cultured cells had neurite bearing cells in supplementing below 50,000 MW, compared to 63% in higher than 50,000 MW.
